Objective: Although restrained eating is believed to increase overeating and weight in the long term, the opposite has also been found: Heavy individuals are more likely to diet. The objective of the current study was to test both pathways for adolescents. Design: A longitudinal model was used to explore the bidirectional associations between restrained eating and body mass index (BMI). Main Outcome Measures: At 3 annual waves, restrained eating and BMI were obtained from both older (M age 15.2 years old) and younger (M age 13.4 years old) adolescent boys and girls who were sibling pairs in 404 Dutch families. Results: Structural equation modeling showed that BMI predicted restrained eating more consistently than the other way round. The results remained the same when analyzed by sex, age, socioeconomic status, and overeating tendency. Thus, in our general survey of adolescents restrained eating did not seem to be a successful weight loss strategy, nor did it consistently predict weight increase. Conclusion: Positive associations between restrained eating and BMI should mainly be interpreted in the sense that higher BMI predicted more restrained eating.
Childhood and adolescent obesity is rapidly becoming a major health problem (Must & Strauss, 1999; Seidell, 1999) . However, the cornerstone of weight management, that is, the attempts to restrict food intake (dietary restraint), remains controversial because for both metabolic and psychological reasons it may produce overeating and weight gain (Herman & Polivy, 1980) . Restrained eating may alter metabolic functioning in the direction of anabolism (Jeffery et al., 1984) , which may increase the difficulty of losing weight or may even cause weight gain in the long run (Polivy & Herman, 1985) . Further, a reliance on cognitive control over eating rather than on physiological cues may make dieters vulnerable to overeating when self-control is disturbed by, for example, distress, intoxicants, and the consumption of high caloric food (Herman, Polivy, & Leone, 2005) . The hypothesized link between dietary restraint and overeating is based on the early laboratory work by Herman and Polivy in which participants high on dietary restraint overate when their self-control had been deliberately undermined.
The link between dietary restraint and weight gain was found in several longitudinal studies on adolescents (Field et al., 2003; Stice, 1998 Stice, , 2001 Stice, Cameron, Killen, Hayward, & Taylor, 1999; Stice, Presnell, Shaw, & Rohde, 2005) . In a two-wave study among 369 female adolescents aged 16 to 19, dieting was positively related to weight gain over a 9-month period, but there was also a quadratic component to this effect wherein extreme dieting predicted weight loss (Stice, 1998) . In a four-wave study on 692 female adolescents aged 13 to 17, elevated dieting and radical weight loss efforts predicted greater subsequent increase in relative weight and an elevated hazard for onset of obesity over a 4-year period, but there was no support for quadratic relations between dietary efforts and weight changes (Stice, 2001; Stice et al., 1999 Stice et al., , 2005 . Similar results were found in a large four-wave study over a 3-year period on preadolescents and adolescents in the United States (Field et al., 2003) .
There are, however, experimental and longitudinal studies showing that dietary restraint was not associated with high intake of food in students (Ouwens, van Strien, & van der Staak, 2003) or with weight gain in adolescents (de Lauzon-Guillain et al., 2006) . Further, studies in which dietary restraint was not self-reported but formally imposed by assigning people to a professionally administered weight maintenance or weight loss diet suggested that although there were dieters with successful maintenance of lost body weight (Klem, Wing, McGuire, Seagle, & Hill, 1997) , longterm success remained an issue of concern for both adults (Mann et al., 2007) and children (Epstein, Myers, Raynor, & Saelens, 1998) . Also, such imposed diets did not seem to increase the risk of bulimic pathology in overweight children and adolescents (Butryn & Wadden, 2005) .
The present study addressed the controversy of dieting by assessing the relationship between dietary restraint and weight change; however, the opposite relation was also tested, that is, whether body mass index (BMI) predicted future dietary restraint. Overweight was often regarded as the result of restrained eating, but could just as well be a reason for dieting (Hill, 2004) . There is some support for the latter relation (de Lauzon-Guillain et al., 2006; Shunk & Birch, 2004; Stice, Mazotti, Krebs, & Martin, 1998) . In a sample of 153 girls, Shunk and Birch (2004) found that although at age 5 no differences in restraint were found, girls with higher weight status at age 5 had higher restraint scores at age 9. Similarly, a higher value of initial adiposity predicted a larger increase in restraint over time in a more age-diffuse sample of 217 adolescents and young adults (de Lauzon-Guillain et al., 2006) , and in a sample of 320 senior high school students . In sum, from the literature on children and young adults it is unclear whether restraint leads to weight gain or vice versa. Longitudinal analyses among adolescents testing cross-lagged links between restraint and weight gain are required to answer this question.
The discrepancy of findings in the previous studies on the effects of dietary restraint on weight status may also be explained by the fact that dietary restraint (an inhibition factor) is often empirically linked to emotional and external eating, and that these overeating tendencies may therefore contaminate relationships between dietary restraint, food intake, and change in body weight (Field et al., 2003; Ouwens et al., 2003; van Strien, Cleven, & Schippers, 2000; Westenhoefer, Broeckmann, Munch, & Pudel, 1994) . Results may, therefore, depend on the composition of dieters with high or low overeating tendencies in the sample (van Strien, Engels, van Staveren, & Herman, 2006) .
In the present study, relationships between restrained eating and BMI were tested over three annual waves, for both older and younger adolescent boys and girls who were sibling pairs in 404 Dutch families. It was tested whether restrained eating predicted BMI and whether BMI predicted restrained eating. Structural equation modeling was used to test both directions simultaneously and also take into account the stability of restrained eating and BMI. This was the hypotheses that high restrained eating predicts a higher BMI, and that high BMI predicts higher restrained eating could both be tested. In subsequent analyses the same model was tested for possible sex and age differences, socioeconomic status (SES), and for differences in those with high versus low levels of emotional and external eating. To our knowledge only the above-mentioned study by Field et al. (2003) studied associations between restrained eating and weight for boys next to girls and the results of this study suggested that both sexes showed a similar pattern of effects (Field et al., 2003) . For SES, higher status has been related to both more dieting and lower weight status (Jeffery et al., 1984) , differences between SES groups could therefore be expected in the degree to which BMI predicts restrained eating.
Method

Procedure
Participants of this study were 404 Dutch families who also participated in the longitudinal project "Family and Health" that aimed at investigating family and individual predictors of various health related behaviors of adolescents (Harakeh, Scholte, de Vries, & Engels, 2005; van der Vorst, Engels, Meeus, & Dekovic, 2006) . Families from different regions of The Netherlands with at least two children aged between 13 and 16 were recruited. Only intact families could participate. A total of 428 families were selected to acquire an equal distribution of the educational levels and sex of the adolescents.
A compliance rate of 94% was achieved, with 404 of the 428 participating families completing data at all three waves. In each family both parents and two adolescent children participated. Data collection took place at the respondents' homes between November 2002 and April 2003 for the first wave, and 1 and 2 years later for Wave 2 and Wave 3, respectively. A trained interviewer visited the families, explained the procedure, clarified questions, and made sure the family members filled in the questionnaires at the same time, but individually and separately. Families were given a financial reward of €30 for their participation at each wave and 5 families were randomly selected to receive a €1,000 travel check.
Sample Characteristics
The participating adolescents were between 13 and 16 years old at Wave 1; the average age was 15.2 (SD ϭ 0.60) for the older adolescents and 13.4 (SD ϭ 0.50) for the younger adolescents. Boys (50.3%) and girls were represented in almost equal numbers. Most adolescents (96%) were of Dutch ethnicity, and from various secondary educational levels in The Netherlands. Based on the highest finished education of the father SES was defined as either higher (defined for those fathers who had completed college or university [50.5%]) or lower.
Measurements
BMI was calculated based on self-reported height and weight, at each of the three waves. Next, at the third wave, a trained interviewer measured height and weight of the adolescents in a random subsample of 300 families. Weight and height were measured in light clothing without shoes, to the nearest of 0.1 kg and 0.5 cm. To determine whether an adolescent was overweight we used international age and sex-specific cut-off scores that corresponded with a BMI Ն 25 for adults (Cole, Bellizzi, Flegal, & Dietz, 2000) . In all analyses BMIs rather than BMI z scores were used as the number of respondents in specific age and sex groups was limited, instead we tested for age and sex differences in model findings using multigroup analyses.
Restrained, emotional, and external eating were assessed at all three waves using the Dutch Eating Behavior Questionnaire (DEBQ; van Strien, Frijters, Bergers, & Defares, 1986) . This questionnaire consists of 33 items, which measured restrained (10 items), emotional (13 items), and external eating (10 items). Examples of the items are "Do you try to eat less at mealtimes than you would like to eat?" (restrained eating), "Do you have a desire to eat when you are irritated?" (emotional eating), and "If food smells and looks good, do you eat more than usual?" (external eating). All items had to be rated on a 5-point scale ranging from 1 (never) to 5 (very often). The DEBQ scales have high internal consistency, high validity for food consumption, and high convergent and discriminative validity (van Strien, 2002) . The DEBQ is easy to fill out by adolescents and has been used in other studies among adolescents (Lluch, Herbeth, Mejean, & Siest, 2000; van Strien, 1996) . Cronbach's alphas for restrained eating were between .94 and .95 for older and between .92 and .94 for younger adolescents at the three waves. At baseline, Cronbach's alphas for emotional eating were .93 for older and .93 for younger adolescents. For external eating, alphas were .85 for older and .85 for younger adolescents. The correlation between emotional and external eating was .55 for older and .51 for younger adolescents (correlations significant at p Ͻ .001). Correlations between emotional and restrained eating were .29 and .31 for older and younger adolescents ( p Ͻ .001), whereas correlations between external and restrained eating were Ϫ.14 ( p Ͻ .05) for older and Ϫ.06 (ns) for younger adolescents.
Strategy for Analyses
To evaluate the validity of the self-reported height and weight of the adolescents, these were compared with measured data at Wave 3 in the subsample of 300 families. Correlations showed high correspondence between measured and reported heights for older and younger boys and girls (rs between 0.91 and 0.95 for the different reporters, p values Ͻ .001) and between measured and reported weights (rs between 0.96 and 0.97 for the different reporters, p values Ͻ .001). Significant overreport of heights was found for older adolescents and younger girls, and significant underreport of weights was found for all reporters. In regression analyses with measured anthropometrics as dependent and reported data as explanatory variables, a significant linear but no significant quadratic term was found for reported measurements, indicating that, for example, the underreport of weight did not differ between participants who differed in weight. Apparently, within the family context of our study height and weight reports were fairly reliable at the third wave. In all analyses self-reported anthropometrics were used.
Over the three measurements, potential differences in BMI and eating behavior scores were compared with paired t tests. Structural equation modeling (AMOS 5.0; Arbuckle & Worthke, 1999) with maximum likelihood (ML) estimation was used to determine longitudinal associations between restrained eating and BMI (see Figure 1 ). The error terms of restrained eating and BMI at the same wave were allowed to correlate. The model fit was satisfactory for both older, 2 (2, N ϭ 404) ϭ 1.494, p ϭ .474, GFI ϭ 0.999, AIC ϭ 39.494; and younger adolescents, 2 (2, N ϭ 404) ϭ 2.890, p ϭ .236, GFI ϭ 0.998, AIC ϭ 40.890. As patterns may differ for normal-weight and overweight adolescents (de Lauzon-Guillain et al., 2006) , analyses were repeated, leaving out the overweight adolescents (i.e., 20 older and 25 younger adolescents). In subsequent analyses the same models were tested for the different groups: that is, for boys and for girls, for higher and lower SES, and for high and low emotional and external eating (divided by means of median split and by .20 percentile). Also, age differences were tested with two groups for younger adolescents (13 and 14 years old at Wave 1) and three groups for older adolescents (14, 15, and 16 years old at Wave 1). Differences between the groups (e.g., between boys and girls) in the cross-lagged associations were tested by fixing the betas and testing whether the model fit (⌬ 2 ) was significantly better for the model in which the paths were allowed to differ between groups, compared to the model in which the paths were constrained to be equal.
Results
Restrained Eating and BMI
Average BMI and scores on eating behavior at baseline are presented in Table 1 . Girls scored higher on restrained and emotional eating, whereas boys scored higher on external eating. Eating behavior scores did not differ between the age groups, except for lower restrained eating scores in 15-year-old boys compared to the other age groups. BMI was significantly higher in older age groups for both boys and girls. Concerning SES, significant higher restrained scores and higher BMI were found for girls in the lower SES group. Over the three measurements restrained eating remained relatively stable for older adolescents and younger girls, but decreased between the first and the second wave for younger boys. For both older and younger adolescents, BMI significantly increased over the three time moments (see Table 2 ).
Cross-sectional, moderate, 1 and positive associations were found between restrained eating and BMI at all three waves (see Table 3 ). For the older adolescents, at Waves 1, 2, and 3, the correlations were .37, .35, and .30 ( p values Ͻ .01) and for the younger adolescents they were .32, .36, and .39 ( p values Ͻ .01), respectively. 1 According to Cohen (1988 Cohen ( , 1992 : small ϭ 0.1; medium ϭ 0.3; large ϭ 0.5. 
Prospective Associations Between Restrained Eating and BMI
Longitudinal associations between restrained eating and BMI are shown in Figure 1 , for older and younger adolescents separately. The models showed strong stability paths for restrained eating between Waves 1 and 2, and between Waves 2 and 3 for both older and younger adolescents. An additional significant but weak path between Wave 1 and 3 was found for older adolescents but not for younger. For BMI, strong stability paths were found between Waves 1 and 2 and between Waves 2 and 3, and weak, however significant, paths were found between Waves 1 and 3 for both older and younger adolescents.
All significant cross-lagged paths between restrained eating and BMI had rather weak magnitudes. Over the three waves significant paths from restrained eating to BMI were found only between Waves 1 and 2, and only for the younger adolescents (␤ ϭ .08). Thus, younger adolescents' restrained eating at Wave 1 predicted BMI 1 year later. In contrast, paths from BMI to restrained eating were found between Wave 1 and 2 for both older and younger adolescents (␤ ϭ .09 and .17), and between Wave 2 and 3 for younger adolescents (␤ ϭ .15; see Figure 1 ). To conclude, older adolescents' BMI at Wave 1 and younger adolescents' BMI at Waves 1 and 2 predicted restrained eating 1 year later. The same model was tested leaving out the overweight adolescents, but this did not produce different results.
Sex, SES, Age, Emotional, and External Eating
Multigroup analyses revealed no significant differences between boys and girls, or between adolescents of higher and lower SES (see Table 4 ) in longitudinal associations between restrained eating and BMI. Also, age was not a significant factor. No multigroup differences in patterns were found for younger adolescents of 13 and 14 years old, ⌬ 2 (4, N ϭ 404) ϭ 6.7, p ϭ .15, neither for older adolescents of 14, 15, and 16 years old, ⌬ 2 (8, N ϭ 404) ϭ 12.6, p ϭ .13. Similarly, no differences in the cross-lagged paths were found between adolescents who scored low versus high (median split), very high (above 0.80 percentile), or very low (below 0.20 percentile) on emotional or external eating.
Discussion
Does dieting cause increase in body weight? Certainly, a positive (cross-sectional) association between restrained eating and weight status was repeatedly found, but this could also be interpreted in a sense that the heavier individuals are, the more prone they are to dieting (Hill, 2004) . Adolescence is a period in which normative weight gain associated with puberty occurs (Cole et al., 2000) , the wish to be thinner becomes stronger, and weight loss attempts increase (Halvarsson, Lunner, Westerberg, Anteson, & Sjoden, 2002) . To test how restraint contributes to weight increase, the opposite (restraint as a consequence of higher weight status) should also be considered. This study was the first that addressed this bidirectionality between restrained eating and BMI in one model, by using structural equation modeling and therefore also controlling for stability over time and cross-sectional associations. Results showed that in this sample of adolescents over the three time moments BMI predicted restrained eating of both older and younger boys and girls more consistently than the other way round.
Although our data did not reveal the underlying mechanisms by which BMI predicts restrained eating, and the magnitude of the effects was not very strong, the finding that higher BMI predicted restrained eating while at the same time restrained eating did not predict weight loss, is particularly important when considering the current high obesity rates and the fact that dieting is common practice among Dutch adolescents (Brugman et al., 1997) . In our sample, restrained eating did not lead to weight loss, or to less weight increase compared to nondieting peers. It should be stressed that the same was found when we omitted the overweight adolescents, showing that our results were not attributable to this specific group. Possibly the adolescents did not diet as much as they should to achieve weight loss, or alternatively, restrained eaters were not strict enough in their actual reduction of food intake, thus, although they reported high restrained eating, their actual behavior was not restrictive enough to have an effect on weight (Stice, 1998) . Although the average restrained eating scores in the present study were comparable to those of one previous study on a sample of 10,087 Dutch adolescents (Snoek, van Strien, Janssens, & Engels, 2007) , the scores were quite low, which might support this explanation. Also, adolescents may feel that they were dieting because they ate less than they wanted, while in fact their food intake was not less than their physiological need (Lowe & Levine, 2005; Stice et al., 1999) . In contrast, previous studies with adolescents found that, although restrained eating was associated with higher BMIs, it was also associated with lower intakes of energy, carbohydrate, and protein, suggesting that restraint adolescents actually had a healthier diet (Lluch et al., 2000; Wardle et al., 1992 ).
An alternative hypothesis would therefore be that daily food intake was indeed reduced but that dieting was often accompanied with overeating at other times. In the present study, differentiation between individuals with high overeating tendencies (for whom restraint may be unsuccessful) or low overeating tendencies (for whom restraint may be successful) did not lead to different associations between restraint and BMI. In both groups, restrained eating predicted neither weight gain nor weight loss. Caution is needed, however, in generalizing these results to other more highrisk populations with overweight and eating pathologies, that is, older respondents or clinical samples. Also, the way in which the tendency toward overeating is related to restrained eating and overweight, might be complex and alternative mechanisms still need to be tested. For example, the tendency toward overeating could also precede restrained eating. Alternative explanations for the lack of weight loss for higher restraint adolescents cannot be ruled out by the present study. One explanation could be that weight-control behaviors may lead to increased metabolic efficiency or other alterations in homeostatic processes (Klesges, Isbell, & Klesges, 1992) , thus counteracting reduced food intake. It was also proposed that weight-control behaviors could simply be a proxy measure of risk for obesity (Stice et al., 2005) . This means that adolescents at risk for obesity (e.g., because of a high tendency toward overeating, low physical activity, genetics, etc.) are more likely to start dieting. This is consistent with the pattern that appeared from this study; dieting was unsuccessful over time although weight increased, and higher BMI in turn predicted an increase in restrained eating. Such a pattern might lead to frustration, perhaps urging individuals to more heavy restraint practices, especially for those who are overweight. Future studies need to explore in what ways unsuccessful dieting during adolescence affect dieting and weight in the long term, also to pay attention to both restrained eating and specific dieting behaviors, and to discover whether overweight and normalweight adolescents diet in the same way.
Limitations and Strengths
Our study consisted solely of intact families with both biological parents, who were also relatively highly educated; this was not a nation-wide representative sample. Therefore the generalizability of the results is limited, especially when it comes to other family compositions such as single-parent families, and the relatively underrepresented ethnic minorities. Second, this study made only use of self-reported data on height and weight of the adolescents. Several previous studies that found associations between restrained eating and BMI used self-reported heights and weights (Field et al., 2003; Stice, 1998 Stice, , 2001 Stice et al., 1998) whereas others used measured data (de Lauzon-Guillain et al., 2006; Stice et al., 1999 Stice et al., , 2005 . In our study, high correlations were found between self-reported and measured anthropometrics at the third assessment, probably due to the fact that the adolescents filled in their questionnaires at home and not in a classroom. Nevertheless, self-reported measurements are always subject to more bias than measured heights and weights. Also, in our sample we found underreports of weight and overreports of height in the third wave, and the reliability of our self-report measures at the other waves could not be determined. Future studies addressing restrained eating and BMI should therefore preferably use measured data. On the other hand, we found no support that underreport of weight was stronger in certain weight groups, for example in the overweight adolescents. This indicates a random rather than systematic bias for weight status in the measure of weight and therefore this error is not likely to affect the associations between BMI and restrained eating, as a person's relative weight status in the group remains the same.
This study also had several strengths, such as the large sample in two specific age groups (early and middle adolescents), the longitudinal design, and the use of structural equation modeling that allowed testing for bidirectionality. Because this was a longitudinal study we can conclude that BMI actually predicted dietary restraint over time; the results were not just attributable to that overweight adolescents are more likely to diet but, as dieting is often ineffective, they remain heavier than their leaner peers. Given the health problems associated with overweight and the fact that dieting is common behavior it is disturbing that restrained eating seems unsuccessful in reducing or controlling adolescents' weights. The results of this study also raises some questions about the value of the restraint theory in predicting BMI in a general population of adolescent boys and girls, and showed that is more likely that restrained eating is the result, rather than the cause, of higher BMI. Although BMI was not a very strong predictor of restrained eating, it was more consistent than the other way round, suggesting that positive associations between restrained eating and BMI in adolescence should not simply be interpreted as the results of restraint and disinhibition. Instead, further studies should continue using bidirectional models, as these are necessary to disentangle the effects between restrained eating and BMI.
